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ABSTRACT

An investigation to determne the distribution and popul ation
characteristics of steel head trout Oncorhynchus nykiss on the Al aska
Peni nsul a, Al aska, was conducted during 1991-1994. It is hypothesized
that steel head trout will extend their range northward and their growh
rate will change as a result of increased water tenperatures froml ong-
term environnmental gl obal warm ng. The study was the first phase of a
long-terminvestigation initiated in 1991 as part of the global climte
change conponent of the Fishery Resources Status and Trends (FRST). The
FRST is designed to assess possible effects of climatic warm ng on
fishery resources.

The six drainages studied were: Meshik River, King Sal non Ri ver- Mot her
Goose Lake, Chignik River, Sandy River, Sapsuk River, and Russell Creek
The Meshi k and King Salnmon rivers are north of the docunented
distribution of steelhead on the Al aska Peninsul a; the other sites fal
wi thin the known range of steelhead trout. Twenty-one adults and 389
juvenile steel head trout were captured in Russell Creek from 1991-1994.
The abundance of juvenile steelhead trout in Second Creek, a tributary
to Russell Creek, was estimated at 3,807 + 1,779 in 1994. Two adult
steel head trout, 40 adult non-anadronous rainbow trout, and 43 juvenile
trout were captured in Sandy River from 1992-1993. No steel head trout
were caught in the other four rivers. A total of 753 stream km was
surveyed by helicopter in the six study drainages during 1993. One
steel head trout was observed in Russell Creek and 18 redds were observed
in Sandy River.

Ther nogr aphs were placed in all study drai nages and 12-35 conti nuous
nmont hs of bi-hourly tenperatures were recorded. M nimum tenperatures
ranged from-0.3 to -2.0 °C.  Maxi num tenperatures ranged from 10.0 to
17.0 °C. Total accunulation of daily tenperature units varied from
1,460 in King Sal non River-Mther Goose drainage to 2,067 in Sandy River
for a 12 nonth period conmon to all drainages.

As expected, steelhead trout were not located in the two northern nost
drai nages. However, no steel head trout were located in two of the four
sout hern nost drai nages in which steel head trout have been previously
reported. Al aska Peninsul a steel head popul ati ons appear to be smal
with restricted distributions. Locating these populations is |abor and
time intensive and overl ooking a population is possible. After trying
various sanpling techni ques, nethods that naxim ze the area sanpl ed,
such as underwater direct observation and aerial surveys using a

hel i copter, can be used to docunent changes in steel head trout abundance
and distribution. The |Iong-term benefit of the sanpling program and

i ntegration of distribution, abundance, growh, and tenperature data
will not be realized until additional sampling is conducted in the
future.
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| NTRCDUCT! ON

In 1991, the U S. Fish and wildlife Service forned the Fishery Resource
Status and Trends Program (FRST) to inprove understanding of the status,
trends, and causes and effects of changes in fish populations and their
habitats. The FRST consists of a fishery inventory conponent to
determ ne the status and trends of U S. fishery resources and a climte
change conponent to detect and assess changes in fishery resources and
habi tats caused by global climate. This study was funded under the
climate change conponent. It was designed as a |long-termnonitoring
programto docunent changes in the distribution and growth of steel head
trout Oncorhynchus nykiss and to correl ate changes in distribution and
abundance with changes in water tenperatures of drainages on the Al aska
Peni nsul a i n Sout hwest Al aska.

This project consists of two phases, the initial phase was a five year
study to docunent the distribution, abundance and growth of steel head
trout and water tenperatures of selected drai nages. The second phase
will be nonitoring the sane drai nages every 2-5 years to docunent
changes in steel head trout distribution and abundance. This is the
final report for the initial study phase.

Steel head trout in Alaska are found in coastal river drainages in

Sout heast Al aska, northward and westward around the Gulf of Al aska, and
i nto Sout hwest Al aska on the Al aska Peninsula (Al aska Departnent of Fish
and Gane 1985; Didier et al. 1991). Steel head trout are npbst conmon in
t he sout heast portion of their Al askan range.

Little information exists on steel head trout in southwestern Al aska;
nost i nformation concerning steel head trout in Al aska conmes from

Sout heast Al aska, northern Gulf of Al aska, Cook Inlet, and Kodi ak
Island. No directed studies have been conducted in Southwestern Al aska.
Information that does exist is incidental or anecdotal and not readily
avai |l abl e. (Observations of steel head trout by fishery biologists and
recreational, comrercial, and subsistence fishermen suggest that

steel head trout occur in several drainages on the Southern portion of
the Al aska Peninsula (Irving 1991). However, data from steel head trout
have been collected in few of these drainages (Al aska Departnent of Fish
and Gane 1985). No steel head trout popul ations are docunented on the

Al aska Peni nsula, north of the Chignik River drainage.

Both spring and fall run steel head trout popul ations are found in

Al aska. Spring runs are nost common in Sout heast Al aska, while fal

runs are nost common in popul ations North of the Yakutat Peninsula

(Al aska Departnent of Fish and Gane 1985). Spawni ng ages of steel head
trout in Alaska are highly variable (Sanders 1985). Steel head trout may
first spawn after only one winter at sea, however nost fish spawn for
the first time after two or three winters at sea. The outm gration of
kelts in Al aska occurs anytine after spawning with the peak migration

occurring before md-July (Sanders 1985). In Al aska, juveniles spend 1-
4 years in freshwater with nost fish spending 3 years in freshwater
before snoltification (Sanders 1985). In freshwater, juvenile steel head

trout grow to about 100 nm after their first winter and to 150 nm by the
end of their second winter (Burgner et al. 1992).



Wat er tenperatures affect the metaboli smand behavior of steel head trout
(Shepard 1972; Reiser and Bjornn 1979; Barnhart 1986; Pauley et al
1986). Effects vary depending on season and |life stage. Steel head
trout have evolved within specific water tenperature reginmes.
Significant changes in tenperature may cause di sease, affect growth and
survival, or alter the distribution, mgration, and maturation

It is hypothesized that steel head trout populations will extend their
range northward on the Al aska Peninsula in response to increased water
tenperatures fromlong-termglobal warm ng. This study provides a
basel i ne for docunmentation of the presence/absence and abundance of
adult and juvenile steel head trout in selected drai nages. Baseline

wat er tenperature data were collected to docunent changes in the thermal
regi mes of the drainages.

Study objectives are:

(1) Docurent the presence and abundance of steelhead trout in
six sel ected drai nages of the Al aska Peninsula and nonitor
I ong termchanges in their distribution and abundance.

(2) Descri be length, weight, and age structure and sex
conposition of steel head trout popul ations in sel ected
dr ai nages.

(3) Moni tor | ong-term changes in water tenperatures and
correl ate these changes with growh and distribution of
steel head trout on the Al aska Peninsul a.

The King Sal mon Fi shery Resource Ofice began this study in 1991 (Irving
1991). Sanpling in 1992 was an expansion and refinenent of field

techni ques used during 1991 (Adans 1993). Sanpling during 1991-1992
focused on ground surveys and resulted in the capture of very few adult
or juvenile steelhead trout. The need to cover a large area in each
drai nage to | ocate steel head trout was recogni zed and an aerial survey
was incorporated into the 1993 sanpling plan. The aerial survey was
used to identify steel head trout spawning areas. On the ground sanpling
for juvenile steel head trout in 1993 was conducted between June and
Cctober in systens where adult steel head trout were captured in 1992.
The 1993 sanpling concluded that Russell Creek was the only drai nage
with a readily identifiable steel head trout popul ation. Therefore,
sanmpling in 1994 focused on Russell Creek in an attenpt to determ ne the
abundance of juvenile and adult steel head trout.

For this report, the term"rainbow trout"” refers to non-anadronous adult
rai nbow trout and the term"steel head trout” refers to anadronous adult
rai nbow trout. As juvenile rainbow and steel head trout are

i ndi stinguishable, the term"juvenile trout" refers to both life history
forms. Al "juvenile trout” in the Russell Creek systemare believed to
be juvenile steel head trout.



STUDY AREA

The drai nages sanpled are |located on the Al aska Peninsula in

Sout hwestern Al aska (Figure 1). These systens begin in the nountains of
the Al eutian Range and drain into the Bering Sea or Pacific Ccean. The
| ower reaches of these drainages are subject to tidal influence. The
upper reaches of several of the rivers are braided and nost of the

drai nages contain |large | akes. Substrate composition includes silt,
sand, gravel, and cobble. The riparian habitat is usually tundra wth
areas of willow Salix spp. and al der Al nus spp.

METHCDS
Distribution, Length, Wight, Age, and Sex Conposition

In 1991, six drainages were chosen for ground surveys and water
tenperature determ nation (Ilrving 1991): Meshik River, Chignik River,
Sandy River, Sapsuk River, and Russell and Steel head creeks (Figure 1).
Because access to Steel head Creek was inpractical, it was replaced with
the King Sal nron Ri ver-Mther Goose Lake drainage in 1992 (Adans 1993).
The Meshi k River and King Sal non River-Mther Goose Lake systens were
sel ected because they are north of the docunmented steel head range and
had not been reported to contain steel head trout. These two systens
will serve as controls and be used to nonitor expansion of steel head
range nort hward.

During 1991-1993, wheel and fl oat-equi pped aircraft transported field
crews, rafts, and gear into study drai nages except Russell Creek
Russel |l Creek was accessed by road fromthe town of Cold Bay, Al aska.
Sanpling on all the drai nages began at the hi ghest accessible point.
The mai nstem of each drai nage was sanpl ed throughout its course and the
| ower reaches of all tributaries were sanpl ed.

During 1991-1992 baited m nnow traps, a 15 m beach seine (8 nm bar
mesh), and a Smith-Root Mddel 15-A backpack el ectrofisher were used to

collect juvenile fish in all drainages. 1In 1992 and 1993, a fyke net (8
mm bar nesh), was used as an additional nmethod to capture juvenile
steel head trout in all drainages except Russell Creek. 1n 1994, a 10 m

bag seine (8 mm bar nesh) and a fyke net (8 nm bar nesh) were used to
capture juvenile fish in Russell Creek. A variety of streamhabitats
were sanpled including runs, riffles, pools, root wads, sloughs, and
under cut banks; |akes were only sanpl ed al ong the shoreline. Hook and
line was the only sanpling nmethod used for adult fish except in Russel
Creek where a 50 m beach seine (38 nm bar nesh) was al so used.

Because steel head trout popul ations on the Al aska Peni nsula are snal

and sporadically distributed, overlooking a population is possible.
Therefore, sanpling has high variability which makes quanti fying

rel ati ve abundance w thin reasonable statistical bounds difficult (Adans
1993). To overcone these sanpling concerns, the 1993 study design was
nmodi fied to include an aerial survey during the spring to identify

steel head trout spawni ng areas. The aerial survey was conducted by
hel i copter 11-16 May, 1993. The survey was conducted at an altitude of
50-70 mand at a speed of 55-110 kmih. The aerial survey was limted to

3
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the areas in the streans where water depth and clarity provided
acceptable visibility on the | ower portion of the systemupstreamto
where water depth was determned to be too shallow for fish passage
Fromthe air, fish were identified and enunerated, and redd | ocations
were recorded. Species identification was confirmed by hook and |ine

sanpl i ng.

Al fish captured were enunerated by species. Fork length (nm was
measured fromall juvenile trout. Based on ages and fork |engths of
juvenile steel head trout in Russell Creek, those fish < 300 nm captured
in Sandy River were considered juveniles. Because adult nale steel head
trout undergo norphol ogi cal changes as they approach spawni ng, m d-eye
to fork length (m) was neasured on all adult steel head trout. Weights
(g) fromall adult steel head trout were nmeasured to the nearest 0.25 kg
with a 3 kg or 6 kg Pesola spring scale. Juvenile trout were weighed to
the nearest gramwith a 50 g Pesol a spring scal e; however, weight was
not recorded for juveniles captured in Russell Creek in 1993 and 1994
due to our inability to accurately weigh small juveniles under field
condi ti ons.

During 1991-1993 scales were collected fromthe preferred area (Jearld
1983) fromall steelhead trout. During October 1994, steel head trout

< 70 mm were considered to be age 0. Only a subsanple were sanpled for
age analysis. Al captured juvenile steelhead trout > 70 mm were
sanmpl ed for age analysis. Ages were determ ned by two readers and

di sagreenents were resol ved by conference. Regenerated scales were

di scarded. Scale analysis followed nethods set forth by Mosher (1969).
The European nmethod (winters in freshwater.winters in the ocean) was
used to designate age for adult fish (Koo 1962). No letter foll ow ng
the saltwater age designated that the fish had not yet spawned in its
lifetime. The letter "s" followi ng the saltwater age designated that
the fish has survived spawning. A nuneral followi ng the "s" represented
t he nunber of summers spent in saltwater between spawning runs. For
exanpl e, 3.2sls represents an age 6 fish which: 1) spent 3 winters in
freshwater before emigration to saltwater; 2) spent 2 sumers in
saltwater before returning to freshwater to spawn; 3) survived spawni ng
and returned to saltwater; 4) returned to freshwater to spawn again
after spending 1 sumer at sea. The sex of adult steel head trout was
determ ned by secondary sex characteristics.

Rel ati ve and Absol ut e Abundance

On the ground sanpling in 1993 was directed at juveniles and was
conducted only in drai nages where adult steel head trout or redds were
observed during the aerial survey. Juvenile sanpling was conducted 16-
25 June on the Sandy R ver and 28 August-21 October on Russell Creek
Informati on on presence and rel ati ve abundance of juvenile steel head
trout was used to characterize distribution within the drainages.
Addi ti onal biol ogical sanples were collected fromadult steel head trout
during a coho sal non tagging and creel study in Russell Creek

To provide an index of relative abundance, catch per unit effort (CPUE)
for juvenile trout was cal cul ated for each gear type in 1992 and 1993.
Units of effort were defined as: mnutes shocked for el ectrofishing,
hours fished for hook and |ine sanpling, trap night for mnnow traps and

5



fyke nets, and nunber of hauls for seining. However, with the
realization that sanple gears used to obtain CPUE required intensive
| abor and woul d not provide a statistically valid index of relative
abundance, alternative nmethods were attenpted in 1994.

In 1994, sanpling was conducted only on Russell Creek from4-13 May and
from5-17 Cctober. |In My, counts of adult steel head trout and redds
from bank and snorkel surveys were made in the mainstem of Russell Creek
and Second Creek, a tributary to Russell Creek (Figure 2). Bank surveys
wer e conducted by two people, one on each bank wal ki ng downstream and
counting all observed adult steel head trout and redds. Snorkel surveys
were conducted with two peopl e worki ng downstream and counting al
observed adult steelhead trout and redds in the sane area as the bank
surveys on the mainstem Cbservers were in conmmuni cation with each
other to avoid counting the sane fish.

Juvenil e sanpling in 1994 was conducted only on Second Creek. To avoid
di sturbi ng spawni ng steel head trout and their redds in the upper portion
of Second Creek, sanpling for abundance estimation of juvenile trout was
deferred to the fall sampling. However, seining was conducted in the

| ower portion of Second Creek to collect length at age data for juvenile
trout. In addition to seining, a fyke net was placed in the nouth of
Second Creek to capture em grating steel head trout snolts.

In Cctober 1994, sanpling was conducted to estimate juvenile steel head
trout abundance on Second Creek fromits confluence with Russell Creek
upstreamto the first lake. Sanpling followed Thonmpson's (1992) double
sanmpling design. The sanpled portion of Second Creek was classified as
units of riffle, glide or pool habitat type. The Iength of each habitat
unit was nmeasured to the nearest neter with a tape for the entire sanple
area. A snorkel survey was conducted in systematically selected
subsanpl es of each habitat unit. Renoval seining was used to generate
abundance estimates from a subsanple of the snorkel survey units.

In the snorkel surveys, 1-3 divers nmoved upstream abreast of each other
counting the nunber of each fish species. Divers were assigned |anes to
prevent doubl e-counting fish. Divers sanpled units only once. 1In units
that were selected for renpval seining, block nets were set up and the
snor kel count was nmade before seining was done.

The generalized renoval nodel (Wite et al. 1982) was used to generate
an abundance estinmate fromthe renoval seining data. Because of the | ow
nunber of juvenile steel head trout captured, the conbi ned counts of
juvenile Dolly Varden, coho sal non, and steel head trout captured during
renoval seining were used to generate an abundance estimate for al
juvenile fish. It was assuned that species conposition obtained by

sei ning was representative of species conposition in the stream The
assunption in using all species to generate a population estimate and in
using the seining data to deterni ne species conposition is that al
species are equally vulnerable to the gear. These data and the
abundance estimates for all juvenile fish were used to estinmate juvenile
steel head trout abundance wi thin Second Creek
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N

The total number of juvenile steelhead trout in a habitat type, Y was
esti mat ed as:

wher e:
Qi = estimated nunber of fish in unit i
n = nunber of units in snorkel survey, and
N = the total nunmber of units of a habitat type within the stream

The nunber of juvenile steelhead trout in unit i was estinmated as:

Y, =dR (1)
wher e:
qi = di ver count of nunmber of fish in unit i, and
R = estimated ratio of fish to diver counts determ ned by the

renoval net hod

The ratio of fish to diver counts was estinmated as:

=

R
_ =
R=-— (2)
di
i=1
wher e:
§i = renoval estimate of nunmber of fish in unit i, and
n' = nunber of units in which snorkel counts and renpval estinmate

wer e nmade.

Because the generated renoval estimates were for the total nunber of
juvenile fish rather than the total number of juvenile steel head trout,

N

y; was estinmated as:

v =pf, (3)

wher e:

p; = nunber of juvenile steel head trout expressed as a proportion
of the total fish in unit i, and
renoval estimate of total nunber of juvenile fish in unit i.

—h
1



The variance of Y was estinmated as:

N/( 2 i%(?ﬁ?)z 70 (4)
V(Y)=N WN(YR)
wher e:
TV, (5)
Y- n
and

O(\?R) = vari ance about the ratio line.

Equation 5 follows the general formula for nulti-stage designs (Cochran
1977, Thonpson 1992). The first termcontains the within-primry unit
variance. The second termcontains the conditional variance of the
ratio estinmate of the total.

The vari ance of \?R follows that of a ratio estimate of a total (Cochran
1977) and was estimated as:

V(Y = W(§) - 2Rcov(yd) + R*V(d) (6)
) Iv)r EUy) (7
= = + NL=Z
vy =N n‘(n’-1) " n’
o BE @) (8)
cobv(yd) =N (1) ;
wher e:
. %y (9)
g it
n’ '
and



(d,-d)? (10)

In equation 8, the variance follows that of a two stage design simlar
to that in eq%ation 5. The first termcontains the between-unit-
variance for y and the nunber of fish per unit determ ned by the renoval
nmet hod. The second termcontains the within-unit variance. The w thin-
unit variance is conposed of two parts, the first cones fromthe

vari ance associated with the renoval estimate itself and the second
conmes fromthe variance associated with estimating the proportion that
each fish spﬁcies contributed to the total renoved by seining. The
variance of y was based on Goodnan's (1960) result for the variance of

t he product of two independent variables and was cal cul ated as:

V() = e+ 2R - WF )W) (11)
wher e:
O(ﬁ) = variance fromthe renoval estimate for unit i, and
Jay - PLLI-P)
V(p,) = =—~2.
(B;) T (12)

Wat er Tenperature

During 1991-1993, water tenperature (°C) was recorded with Ryan
Tenmpment or Mbdel 1.1 thernographs every two hours. Thernographs were
housed in a steel pipe container, placed in a deep, non-tidal stream
area, and anchored to the substrate. Thernographs were placed in the
Meshi k, Chigni k, Sandy, Sapsuk, and Russell Creek drai nages in October
and Novenber 1991. In June 1992, a thernograph was placed in the King
Sal non Ri ver-Mther Goose Lake drainage. Tenperature data were
retrieved in July and August 1992 and the thernographs were reset. Lost
t her nrogr aphs were replaced. While five of the thernographs and their
data were retrieved in Novenber 1993, the thernograph at Russell Creek
was reset after its data were retrieved. Wen reset, the thernograph
was reprogrammed to record water tenperature every four hours to extend
battery life. Tenperature data were retrieved again in Cctober 1994 and
t he thernmograph reset. The Russell Creek thernograph will continue to
be operated for the duration of the global climte change project.

Tenperature data were anal yzed to devel op nmean daily tenperature and
accunul ated daily tenperature units (the nmean water tenperature above

0 °C for a 24 hour period - DIU). Mean daily tenperature was based on

t he readi ngs over a 24 hour period frommdnight to mdnight. To allow
conpari sons of water tenperature between drai nages, DTUs were sunmed for

10



each nmonth in each drainage and for the 12 nonth period comon to al
dr ai nages.

RESULTS
Distribution, Length, Wight, Age, and Sex Conposition

Four - hundred-ten steel head trout were captured in Russell Creek (Table
1). Al juveniles were captured in Second Creek (Figure 2) except the
one juvenile captured in 1991 in the mai nstem of Russell Creek. Few
juvenile trout were captured in 1991 and 1992. |In 1993 and 1994, 116
and 271 juvenile trout were captured. Age O fish dom nated sanples in
1993 and 1994. Juvenile fork lengths (N = 389) ranged from 38-300 nmm
and ages ranged from 0-4 years.

No adult steel head trout were captured in Russell Creek in 1991. N ne
adults were captured by beach seine during a coho sal non study in 1992
and 1993. During the aerial survey in 1993, one adult was captured by
angling. Eleven adults were captured with a fyke net in 1994. Fork
length of all adults ranged from 497-785 nmm weights ranged from 2, 400-
4,700 g, and ages ranged from 2. 3-3.3s1 (Table 1).

The majority of adults from Russell Creek spent three years in fresh

wat er before snoltification. Seven adults had not spawned after
returning to freshwater, nine had spawned for the first time, and five
were repeat spawners. Only the 11 adult steel head trout captured in My
1994 expressed secondary sexual characteristics and appeared to have
recently spawned. Eight of these adults were male and 3 were female.

Ei ghty-five rai nbow and steel head trout were captured in the Sandy River
(Table 2). Juvenile lengths (N = 43) ranged from 49-295 nm weights
from1-300 g; and ages fromO0-3 years. Age 1 fish dom nated the 1992
sanmple, while age 1-4 fish were equally present in the 1993 sanple. The
majority of juveniles (90% were captured in the m ddle region of Sandy
Ri ver.

Two adults steel head trout and 40 rai nbow trout were captured in the
Sandy River in 1992 and 1993 (Table 2). Adult steel head trout fork

| engt hs ranged from 540-570 nm and wei ghts from 2,450-3, 600 g. Rai nbow
trout fork |l engths ranged from 340-535 mm wei ghts ranged from 350-
1,400 g, and ages ranged from 4-6 years.

The two steel head trout fromthe Sandy River drainage expressed
secondary sex characteristics. Both fish were darkly colored nmales with
wel | devel oped kypes, had firmly enbedded scal es, and appeared to have
spawned earlier in the year (Adans 1993).

Rel ati ve and Absol ute Abundance
Catch rates were low for all gear types in the Sandy River and Russel
Creek drainages in 1992 and 1993 (Table 3). Seining had the highest

CPUE in Russell Creek at 0.96 juvenile trout/haul, while in the Sandy
Ri ver no juvenile trout were captured by seining. In the Sandy River,

11



Table 1. Sanple size, mean, standard deviation

(m) and weights (g) at age of steel head trout

drai nage, 1991-1994.

and range of |engths
captured in Russell Creek

Lengt h? Wi ght
Age N X SD Range N X SD Range
SEPTEMBER 1991
1 1 89.0 - - 1 7.0 - -
SEPTEMBER- OCTOBER 1992
1 1 68.0 - - 1 4.0 - -
2.3 2 593.5 11.5 582-605 2 2,575.0 25.0  2,550-2, 600
3.2 2 614.5 2.5 612-617 2 3,250.0 150.0 3, 100-3, 400
3.3s1 1 680. 0 - - 1 3,800.0 - -
AUGUST- OCTOBER 1993

0 95 50.4 4.9 39- 65 - - ; i

1 16 74.9 10.8 55- 95 - - ; i

2 3 113.7 0.5 113-114 - - ; i
3.2 3 636.3 56.8 565-704 3 3,666.7 792.0 2,550-4, 300
3.3s 1 672.0 - - 1 2,400.0 - -
3.3s1 1 694. 0 - - 1 4,700.0 - -
unk® 2 92.0 3.0 89- 95 - - ; )

MAY 1994

1 19 58.0 5.0 48- 66 - - ; i

2 16 86.0 11.7 71-117 - - ; i

3 16 154.0 13.8 124-175 - - ; i

4 3 259.0 34.8 215-300 - - ; i
3.2s 3 597.0 71.0 497-650 - - - -
3.3s 5 667.0 66.4 580-785 - - - -
3.3s1s 2 683.0 62.5 620-745 - - - -
unk® 2  495.0 250.0 245-745 - - - -

OCTOBER 1994

0 7 59.0 5.8 47-64 - - ; i

0° 199 51.0 5.1 38- 66 - - ; )

1 7 85.0 3.8 81-93 - - ; i

2 3 149.0 6.0 141-155 - - ; i

a Measured as fork length for juveniles

adul ts

b Scal es unreadabl e and ages coul d not

be det ern ned.

and md-eye to fork length for

¢ Age sanmples were not collected, but fish were considered to be age 0

based on 1993 dat a.
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Table 2. Sample size, nmean, standard deviation, and range of |engths
(m) and weights (g) at age for rainbow and steel head trout captured in
the Sandy R ver drainage, 1992-1993.

Lengt h? Wi ght
Age N X SD Range N X SD Range
JULY 1992
0 1 49.0 - - 1 1.0 - -
1 18 86.8 10.5 70- 107 16 8.1 2.5 4-12
2 4 154.5 3.0 150-158 4 41.5 4.8 35- 49
4 1 328.0 - - 1 350. 0 - -

5 3  446.3 14.4  430-465 3 1,133.3 102.7 1,000-1, 250
2.2s 2 555.0 15.0 540-570 2 3,025.0 575.0 2,450-3,600
JUNE 1993

1 7 86.1 14.3 66-113 7 6.6 3.0 3-12

2 7 152.4 27.7 125-205 7 42.4  24.4 23-93

3 6 264.8 17.8 240-295 6 206.3 57.0 128- 300

4 7 381.4 34.5 340-458 7 653.6 135.2 525- 875

5 17 438.0 27.7 373-485 17 898.5 181.0 525- 1, 200
6 8 497.3 28.3 455-535 7 1206.3 168.1 950- 1, 400
Unk® 4 443.5 35.4  407-502 4 900.0 103.1 775-1, 025

a Measured as fork length for juveniles and md-eye to fork length for
adul ts
b Scal es unreadabl e and ages coul d not be deternined.
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Tabl e 3.

Gear
st eel head trout captured,
and range of nunber of juvenile steel head trout captured per effort

amount of effort
catch per

(B,

unit effort

type,
(X,

nunber of juvenile
standard devi ati on,

in

Russel |l Creek and Sandy Ri ver drainages, 1992-1993.

1992 1993
Met hod E N X SD  Range E N X SD Range
RUSSELL CREEK
El ectrofi sher 255 1 <0.01 - - 12 4 0.33 - -
Fyke net 6 0 O 0 0 0O 0O ©O 0 0
M nnow trap 29 0 0 - - 84 31 0.37 - -
Sei ne 5 0 O 0 0 84 81 0.96 3.11 0-20
Hook and line 25 0 0 - - 0 0 0 - -
SANDY RI VER
El ectrofi sher 280 16 0.06 - - 295 4 0.01 - -
Fyke net 5 3 0.60 0.800-2 4 2 0.50 0.50 O0-1
M nnow trap 28 4 0.14 - - 0 0 0 - -
Sei ne 18 0 O 0 0 34 0 O 0 0
Hook and line 23 0 0 - - 53 14 0. 26 - -

- Informati on

not avail abl e due to pooling of capture data
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CPUE was simlar between years for electrofishing and fyke nets, but was
hi gher in 1993 for hook and |ine sanpling.

Aerial surveys covered 753 kmin six drainages (Figures 3-8), but

evi dence of steelhead trout spawning activity (redds) was observed in
only the Sandy River drainage (Table 4). Eighteen redds were observed
intwo locations in the Sandy River, but no steel head trout were seen
near the redds. However, two adult rainbow trout were captured froma
deep pool downstreamfromthe redds. One adult steel head trout was
observed in the Russell Creek drainage during the aerial survey, but was
not captured. However, one adult steel head trout was captured and three
ot hers were hooked but | ost while sanpling deep pools. No fish had been
observed in the pools fromthe air.

Second Creek was classified into 123 riffle and 156 glide habitat units.
Total length of each habitat type was 2,381 mof riffle habitat and
2,284 mof glide habitat. No pool type units were found within the
study area. Snorkel counts were made in 20 riffle units and 26 glide
units representing 16% and 19% of the total |ength of each respective
habi tat type. Renoval seining was conducted in 4 units of each habitat
type. Mean nunber of seining passes per unit was 8 for riffles (range
5-10) and 6 for glides (range 5-7).

Agr eenent between snorkel counts and renoval estimates of abundance was
better in glide units than in riffle units. Correction factors of 1.18
(glides) and 0.67 (riffles) where estimted and used to adjust snorke
counts. There was a large difference in juvenile trout abundance

bet ween habitat types, with nearly 6.5 tines nore juvenile trout in
glide habitat than in riffle habitat. Estinated total abundance of
juvenile steelhead trout in all glides was 3,329 fish (SE = 729.5 and
95% confidence = + 1,430 fish) and 478 fish (SE = 178.1 and 95%
confidence = £ 349 fish) inriffles.

Counts of adult steel head trout and redds were higher in Second Creek
than the mai nstem of Russell Creek during bank surveys conducted in My,
1994. Eighteen adult steel head trout observed in Second Creek and

twel ve redds were observed within a 300 marea of Second Creek (Figure
2). Three adult steel head trout were observed in the nmai nstem of
Russel | Creek below the confluence of Second Creek. No redds were
observed in the mai nstem of Russell Creek

Wat er Tenperature

From fall 1991 through fall 1993, bi-hourly water tenperature data were
recovered fromthe Chignik R ver, Sapsuk River, and Russell Creek

t her nographs sites (Figure 9). An additional year (fall 1993-fall 1994)
of water tenperature data were recovered from Russell Creek. The
ori gi nal thernographs deployed in the Meshik and Sandy Ri ver drai nages
were never recovered. The replacenent thernographs provided 17 and 12
nmont hs of continuous bi-hourly tenperature readings for these drai nages
respectively and the additional thernograph placed in King Sal non- Mt her
Goose Lake system provided 17 nonths of continuous bi-hourly tenperature
data (Figure 10). Maxi mum nean daily water tenperature occurred during
July or August and ranged from 10.3 °C in King Sal non R ver-Mther Goose
Lake to 16.3 °Cin Sandy River. The mninum nean daily water
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Table 4. Distance surveyed and nunber of steel head trout and redds
observed during the aerial survey in May 1993.

Kil oneters Nunber Fi sh Nunber Redds

Dr ai nage Dat e Surveyed observed observed
Ki ng Sal mon Ri ver -

Mot her Goose Lake May 11 125 0 0
Meshi k Ri ver May 11-12 195 0 0

Chi gni k Ri ver May 12-13 118 0 0
Sandy River May 13- 14 105 0 18
Sapsuk River May 14-15 178 0 0
Russel | Creek May 16 32 1 0
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tenperature occurred during Novenber through February and ranged from
-0.3 °Cin Sapsuk River to -2.0 °Cin Meshik River. Mnthly DIU ranged
fromO0.7 in Sapsuk River in February 1992 to 400.8 in Sandy R ver in
July 1993 (Table 5). Total accunul ated DTU ranged from 1, 460 on the
Ki ng Sal non- Mbt her Goose Lake systemto 2,067 on the Sandy River for the
period common to all drai nages (Figure 11).

Nearly three consecutive years of water tenperature data from Russel
Creek indicated that the nonthly nean water tenperature was relatively
consi stent between years (Figure 12). Mean nonthly tenperature varied
nmore than 10 °C fromwinter to sumer. The range between m ni num and
maxi mum tenperatures within a nonth rarely exceeded 5 °C

DI SCUSSI ON
Di stribution

As expected, no steel head trout were captured or observed in the Meshik
Ri ver and the King Sal non River-Mther Goose Lake drai nages. Wagner and
Lani gan (1988) also did not capture steelhead trout during their study
of the Meshik River during the sunmer of 1984. These systens are north
of the docunmented range of steel head trout on the Al aska Peni nsul a and
will be used to detect any northward range expansi on of steel head trout
on the Al aska Peninsul a.

St eel head trout were expected to be captured in the remaining drai nages.
However, no steel head trout were captured or observed in the Chignik

Ri ver and Sapsuk River drainages. Steelhead trout have been reported in
the Chignik River system but their abundance appears to be low. Kelts
(em grating post spawners) have been observed during their outm gration
at the Al aska Departnent of Fish and Game sockeye sal non weir on the
Chignik River (Allen Qinby, Al aska Departnent of Fish and Gane,

personal communication). Kelts have al so been captured in gill nets
during the sockeye sal non subsistence fishery. During directed sanpling
in 1991-1992 and during the aerial survey in May 1993, no steel head
trout were captured or observed in the Chignik River. |In addition, the
Fi shery Research Institute of the University of WAshi ngton has been
sanpl i ng sockeye sal non popul ati ons throughout the Chignik R ver

drai nage since 1955 wi thout capturing any steel head trout (G egory
Ruggerone, University of Washington, Seattle, personal conmunication).
Anecdotal information fromlocal residents suggests that the Al ec (Scow)
Ri ver may be the major spawning tributary for steelhead trout in the
drai nage, but, this tributary was not sanpl ed because access was
difficult.

Al t hough steel head trout were not captured in 1992 or observed during
the aerial surveys in 1993 in the Sapsuk Ri ver drainage, comerci al

fi shernen have reported capturing kelts during the sockeye sal non
fishery in the | ower reaches of the drainage (Bob Berceli, Al aska
Department of Fish and Ganme, personal comunication). Kelts have not
been observed during their outmgration at the Al aska Departnent of Fish
and Gane sockeye sal non weir on the Sapsuk River mminstem Loca

resi dents and sport fishernen have reported catching steel head trout in
the Caribou-David R ver system This system nay provide the najor
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Tabl e 5.

Mont hly accunul ated daily tenperature units for drai nages
sanpl ed during 1991-1993.

Chigni k Russell Sapsuk Ki ng Sal non- Sandy Meshi k
Dat e Ri ver Creek Ri ver Mot her Goose Ri ver Ri ver
1991
Novenber 113.8 98.5 - -a
Decenber 26.8 12.5 25.9 - -
1992
January 16.1 6.2 4.4 - -
February 9.8 8.0 0.7 - -
Mar ch 28.8 15. 4 6.3 - -
Apri | 49.0 76.5 112. 7 - -
May 116. 4 156. 3 172.8 - -
June 211.4 187. 4 209.3 - -
July 326. 2 241.5 280.0 237.5 - 286.7
August 348.0 248.0 300.5 241.9 - 280. 2
Sept enber 285.0 194. 4 230. 2 159. 8 - 175. 2
Cct ober 190. 4 109. 6 153.6 99. 4 - 87.8
Novenber 77.7 37.6 71.6 49. 2 10.5 19.3
Decenber 12.5 29.0 49.3 40.3 4.6 15.3
TOTAL 1617.3 1309.9 1591.4 828.1 15.1 864.5
1993
January 7.4 36. 4 40. 3 37.8 13.9 25.6
February 1.5 18. 2 20. 8 35.2 7.6 10.1
Mar ch 18.1 69. 7 68.9 68. 2 49.7 42.0
Apri | 71.0 137. 4 125.2 113.2 153.6 121.6
May 153. 4 182.6 182. 7 146. 6 256.8 163. 4
June 247.3 223.5 235.3 170. 8 332.8 199. 4
July 333.4 242.6 323.0 223.9 400. 8 278.8
August 367.2 279.7 339.6 244.9 380.0 295.5
Sept enber 321.2 247.9 280. 2 198. 4 286. 3 233.2
Cct ober 247.2 170.6 206.8 132.2 170.6 139.1
TOTAL 1767.7 1608. 6 1822.8 1371.2 2052.1 1508. 7

@ Ther nogr aph | ost
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spawni ng areas for steelhead trout in the Sapsuk R ver drainage but it
is difficult to access.

During three years of searching and enpl oyi ng numerous sanpling net hods,
steel head trout were observed or captured only in the Sandy River and
Russel | Creek drai nages. These drai nages appear to be the only

drai nages on the Al aska Peninsul a that have identifiable steel head trout
popul ati ons. The apparent absence of steel head trout from systens
reported to contain steelhead trout is puzzling. These systens are

wi thin the docunmented range of steel head trout on the Al aska Peninsul a
and have water tenperatures simlar to Russell Creek. The apparent
absence of steel head trout fromthese systens could reflected | ow
abundance due to limted or nonexistent spawning, rearing or

overwi ntering habitat, or may reflect insufficient sanpling effort in

t hese access restricted | ocations.

Di screte habitat use patterns were observed for each life stage of

steel head trout during this study. Steelhead trout were found in
Russell Creek drainage in all four years of the study. Adult steel head
trout were captured or observed both in the mainstem of Russell Creek
and in Second Creek, while all redds observed were in the upper portion
of Second Creek. Al juvenile trout were captured in Second Creek
except one which was captured in the mainstem Additionally, juvenile
trout were not evenly distributed throughout Second Creek. Though
juvenile trout were found throughout the sanple area on Second Creek
they were concentrated in the upper 1-2 km of the sanple area.

The distribution pattern of steel head trout was very different in Sandy
River. Adult steel head trout were captured only in the m ddl e mainstem
section of the Sandy River, while rainbow trout were captured throughout
the mai nstem  Though juvenile trout were distributed through out the
mai nstem and the | ower portions of tributaries, 90% were captured in the
m ddl e mai nstem area. Redds were observed only in the nmiddl e nmainstem
river.

The Iimted distribution of redds and juvenile trout in Sandy R ver and
within the Russell Creek drainages indicates that steel head may be

hi ghly selective in choosing spawning and rearing sites. This linmted
di stribution enphasizes the necessity of thoroughly sanpling each

dr ai nage.

At the initiation of this study the southern range of rainbow trout on

t he Al aska Peninsul a was thought to be the King Sal non River - Egegi k

Ri ver drainage. There were no reported resident rainbow trout
popul ati ons south of the King Sal non River-Egegi k R ver drainage.
Therefore, it was assuned any rainbow trout captured in the study area
woul d be steel head trout. However, scale analysis of the 1992 and 1993
Sandy River sanples showed that both steel head trout and rai nbow trout
were present in the drainage. Scale analysis showed that nost of the
sanpl es |l ack the accelerated growh associated with the saltwater stage
of steelhead trout. Based on a conparison of length at age, Sandy River
sanples were nore simlar to resident rainbow popul ations in King Sal non
Ri ver - Egegi k Ri ver drai nage than the steel head trout population in
Russel | Creek.
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Abundance

Bank surveys provided a sinple and reliable nethod of identifying and
enunerating adult steelhead trout in the small, shall ow Second Creek
However, the mainstem of Russell Creek was too w de and deep for
reliable identification and enuneration of adult fish to be made with
bank observations. Underwater observation provided a nethod of

i dentifying and counting both adult and juvenile fish in the mainstem of
Russel |l Creek. However, periods of poor visibility and some w de
stretches of the creek proved that several observers may be required to
provide reliable coverage of sone |arger systens.

The abundance estinmates devel oped for juvenile trout in Second Creek
shoul d be considered as the m ni num nunber present. Though abundance
estimates using visual observations may often be precise, they are
general |y biased, and require a correction of diver counts (Hankin and
Reeves 1988). The correction factor of diver counts in riffles was |ess
t han one and suggests divers msidentified juvenile Dolly Varden and

ot her sal nonids as steel head trout or the various species were not

equal ly vul nerable to renoval seining. Unequal vulnerability biases the
renoval estimates and estimates of p;, the proportion of fish that were
steel head trout. These biases apply to both riffles and glides. Effort
shoul d be increased in future studies so that the nunber of steel head
trout can be estimated directly by renoval seining.

The | ow nunber of adult steel head captured in Russell Creek and Sandy
Ri ver may be a reflection of sanpling timng or abundance. Due to

weat her, sanpling could not be conducted before md-May or |ater than
October. Adult steel head could have entered freshwater and returned to
salt water before sanpling could be conducted.

The rel ative absence of juvenile trout in the Sandy River drainage may
refl ect | ow abundance or dependance on habitat units that were not
sanpled. The tributaries of the Sandy River are small and may offer
only marginal habitat conpared to those of Russell Creek. Mst of the
juvenile trout in the Sandy River were captured in the mainstem where,
due to depth, velocity and the inability to use bl ocknets, sanpling was
difficult. The difficulty in sanpling the mainstemof the Sandy R ver
may have given the inpression of |ow nunbers of juvenile trout being
present.

Not all the juvenile trout capture data collected during this study were
used for CPUE cal culations. Data fromthe 1991 sanpl e season were not

i ncluded in CPUE cal cul ati ons as sanpling was focused on determ ning the
presence of steelhead trout. Data fromthe 1994 sanple season were not

i ncluded in CPUE cal cul ati ons as sanpling focused on determ ning
absol ut e abundance and capture effort included bl ock nets and
snorkeling. Adult steelhead trout were not included in CPUE

cal cul ati ons because sanpling focused on juveniles and adult steel head
trout were often captured during directed sanpling for other species.
Variation in the size and norphol ogy of Russell Creek and Sandy Ri ver
drai nages required that different sanpling nethods be used, resulting in
high variability of effort and capture. Small sanple sizes also
prevent ed neani ngful conpari sons of CPUE between drai nages.
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Lengt h, Weight, Age, and Sex Conposition

In freshwater, steel head trout juveniles generally grow to about 100 mm
after their first winter and 150 nm by the end of their second wi nter
(Burgner et al. 1992). 1In Al aska juvenile steel head trout may spend 1-4
years in freshwater with nost fish spending 3 years in freshwater
(Sanders 1985). The steel head trout popul ati on of Russell Creek and
Sandy River exhibited a simlar pattern though average |length at age for
juvenile trout in Russell Creek was smaller than the average |l ength at
age for juvenile trout fromthe Sandy River. Differences in average
length at age may reflect a faster growh rate due to the warnmer water
in Sandy River than found in Russell Creek, stream productivity,
genetics, or sanple error. Differences in growh rates nay al so be due
to the presence of rainbowtrout juveniles in the Sandy River sanples.

The spawni ng ages of steelhead trout in Al aska are highly variable
(Sanders 1985). Steelhead may first spawn after only one winter at sea,
however, nost fish spawn for the first tine after two or three winters
at sea. In Russell Creek, 8 of the captured steel head first spawned
after spending two winters at sea, and 10 spawned for the first tine
after spending three winters at sea. The two Sandy River steel head were
spawning for the first time after having spent two winters at sea.

The outm gration of kelts in Al aska occurs anytine after spawning wth
t he peak outm gration occurring usually before md-July (Sanders 1985).
The two mal e steel head trout captured on July 26, 1992 in the Sandy

Ri ver drai nage appeared to have spawned in the spring, but had not yet
returned to sea. All 11 adults captured in Russell Creek in May 1994
appeared to have recently spawned and were captured em grating from
Second Creek.

St eel head trout samples from Russell Creek and Sandy River were of

insufficient size to allow statistical conparisons of |length at age,
wei ght, and age distributions, and sex ratios with other popul ations.
However, the data gave prelimnary indications that Al aska Peninsul a
st eel head popul ations are simlar to those found el sewhere in Al aska.

Wat er Tenperature

Simlar mninumtenperatures were recorded within all drainages during
wi nter nmonths. These tenperatures were often slightly bel ow freezing
but are within the 0.3 °C accuracy of the Ryan tenpnentor nodel 1.1

t her rographs. The extrene low of -2.0 °C recorded in the Meshik River
in March, 1993 was probably caused by the thernograph comng in contact
with air or an equi prent mal function. Maximmdaily tenperatures varied
anong drai nages but were w thin expected ranges.

The nmean daily tenperatures fromall drainages exhibited simlar daily,
seasonal , and annual tenperature fluctuations. However, the nean daily
tenperatures fromthe Chignik River drainage were | ess variable than
tenperatures fromthe other drainages. This was probably due to the

t her rograph | ocation in Chignik River drainage. Large |akes noderate
diurnal tenperature oscillations (Hynes 1970) and the thernograph in the
Chigni k River systemwas |ocated approximtely 1 km downstream fromthe
Chigni k Lake outlet. The proximty of the Chignik R ver thernograph to
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the | ake noderated tenperature changes and inparted a slight delay in
general timng of seasonal tenperature changes. Thernographs fromthe
ot her drainages with |large | akes, King Sal non River-Mther Goose Lake,
Sapsuk River, and Sandy River, were placed a considerabl e distance from
the | akes where the noderating effect of the | akes probably did not

i nfl uence tenperature.

Concl usi ons and Reconmmendati ons

The | ong-term benefit of the sanpling programand integration of

di stribution, abundance, growth, and tenperature data will not be fully
realized until additional sanpling is conducted in the future. Even

t hough the weat her and |ack of |ogistic support nake Al aska Peninsula a
difficult area to work, we feel the project will be successful in
meeting the long termgoals of the Aobal Cimte Change Study. It has
taken several years to work out the sampling difficulties because of

di sconti nuous distributions and small popul ati ons, but nethods that
sanple large areas and relate distributions to habitat types seemto
hol d prom se. Al though all sanpling nmethods may not work well in al
drai nages, we strongly encourage the use of one or two sanpling

techni ques/ gears that can be deployed in all drainages to facilitate

di rect conpari sons anong wat er sheds.

Future estimates of juvenile steel head trout abundance in the Russel
Creek drainage will best be achieved through a two stage sanpling plan
utilizing direct observation. The small ampbunts of gear and tinme needed
to do direct observation with renoval seining allowed coverage of a

| arger sanple area that al so hel ped m nimze sanpling error (Hankin and
Reeves 1988). Direct observation nethods should work well on small

clear water systens simlar to Russell Creek but may be unsuited to
turbid systens |like the Sandy River. 1In systens |like the Sandy River,

it my be preferable to develop reliable CPUE data to nonitor trends in
juvenil e abundance. Snolt traps may give reliable CPUE figures of

em grating snolts and woul d avoi d nost conplications associated with the
presence of resident rainbow trout juveniles. The aerial helicopter
survey can be used to estimate spawni ng steel head trout popul ation
sizes. However, its success is dependent on run timng, water depth,
and clarity.
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